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(57) Abstract 

A direct jet monitor (66) illuminates 
the jet of a flow cytometer in a monitor 
wavelength band which is substantially sep- 
arate from the substance wavelengthband. 
When a laser is used to cause fluorescence 
of the substance, it may be appropriate to 
use an infrared source (67) to illuminate the 
jet and thus optically monitor the conditions 
within the jet through a CCD camera (68) or 
the like. This optical monitoring may be pro- 
vided to some type of controller or feedback 
system (34) which automatically changes ei- 
ther the horizontal location of the jet, the 
point at which dropletseparation occurs, or 
some other condition within the jet in order 
to rnai"tt>fa optimum conditions. The direct 
jet monitor (66) may be operated simulta- 
neously with the substance property sensing 
and analysis system so that continuous mon- 
itoring may be achieved without interfering 
with the substance data gathering and may 
be configured so as to allow the front of 
the analysis or free fall area (7) to be un- 
obstructed during processing. 
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WO 96/12172 PCIYUS95/13502 
FLOW CYTOMETER JET MONITOR SYSTEM 

X. TECHNICAL FIELD 

This invention relates to flow cytometers as are used in 
clinical and research applications. Specifically, the 
5 invention relates to systems which monitor the conditions of 
the jet emitted from a nozzle in a flow cytometer during the 
processing operation. The invention may be applied regardless 
of the type of processing involved and is particularly 
appropriate for sorting and analysis applications. 

10 Flow cytometers have been in clinical and research use 

for many years. Basically, the systems act to position small 
amounts of a substance within a sheath fluid. This sheath 
fluid may either form droplets or may exist in a jet for 
optical analysis. Through hydrodynamic focusing and laminar 

15 flow, the substance is split into individual cells and the 
like and is surrounded by a sheath fluid. In many 
applications, the sheath fluid together with its entrained 
substance exits a nozzle in a jet and either free falls or is 
channeled in an optically transparent pathway for analysis. 

20 This analysis requires very precise and uniform conditions 
within the jet. Unfortunately, variations do still exist. 
Thus, there has been a need to monitor the conditions of the 
jet in order to assure accurate analysis. Two types of 
variations are of particular concern. First, the breakoff 

25 point at which droplet formation occurs tends to vary or 
drift. This exists as a result of changes in material, 
temperatures, the existence of air bubbles, and the like as 
those skilled in the art well know. Since the exact location 
of the droplet separation point is utilized for differentially 

30 charging various droplets and other aspects, such variations 

can destroy the ability to achieve the desired function of the 
flow cytometer. 

II. BACKGROUND ART 

The change in droplet separation point has been the 
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subject of a number of inventions. As U.S. Patents No. 
4317520, 4318480, 4318481, 4318482, 4318483, and 4325483 
explain, traditionally the approach has been to determine the 
droplet separation point through the use of a strobe light and 
microscopic analysis prior to the actual processing of the 
substance. The processing is then conducted based upon the 
location determined for the droplet separation point under the 
assumption that no drift or variation occurs, obviously, this 
type of approach does not recognize the realities of actual 
processing and totally ignores the fact that variation in the 
location of the droplet separation point does, in fact, occur. 

AS U.S. Patents NO. 4317520, 4318480, 4318481, 4318482, 
4318483, and 4325483 further explain, one approach taken has 
been to utilize the amount of scatter of the light emitted 
from a laser fluorescent source as an indirect indication of 
the location at which the surface tension "pinching" (and thus 
the droplet formation) is occurring. This approach has the 
significant advantage of affording the opportunity to actually 
monitor the conditions during processing, however, it does not 
provide a direct indication of the condition. While a great 
improvement over the traditional approach, the approach these 
related patents take still appears to provide only an 
indirect — and somewhat less accurate — indication of the exact 
location of the droplet separation point. Further, these 
references also suggest illumination of the sheath fluid at a 
wavelength where the sheath fluid is translucent. This can be 
unnecessary . 

Similarly, related U.S. Patents No. 4691829 and 4487320 
suggest the use of scattered light as an indirect indication 
of the droplet separation point. These two references each 
explain that while a direct indication of the droplet 
separation point would be desirable, a physical limitation 
makes this impractical. Basically, they explain that the 
presence of undesired light destroys the ability to gather the 
data desired, namely, the emissions from the substance itself. 
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A second type of variation in the conditions within the 
jet which is of concern is the fact that the jet can tend to 
move horizontally. This is true even for systems in which the 
jet is channeled. While, naturally, the nozzle container is 
5 usually fixed, the same type of variations which cause change 
in the droplet separation point can also cause the jet to be 
directed to one side or the other. While this amount of 
variation can be relatively small, it still poses an 
unnecessary degradation in the signal sensed as it can change 
10 the focal point and otherwise destroy resolution accuracies. 
None of the references mentioned seem to have addressed this 
aspect . 

One of the practical problems which has also been 
recognized is the fact that only a limited amount of space 
15 exits within which to conduct monitoring and sensing. As 

Japanese Patent 2024535 recognizes with respect to the sensing 
system alone, it is desirable to have an optical system which 
is as small as possible. The present invention achieves this 
as well as other goals. 

20 As mentioned, there has been a long felt but unsatisfied 

need for a device which permits accurate and direct monitoring 
of the conditions within the jet of a flow cytometer during 
the processing operation. As the present invention shows, 
such a system is, indeed, possible and, in fact, can be 

25 implemented using arts and elements which had long been 

available. To some extent, apparently solutions had not been 
achieved because those skilled in the art seem to have taken a 
direction which was away from the technical direction pursued 
in the present invention. This may have been the result of 

30 the fact that those skilled in the art did not truly 

appreciate the nature of the problem or may have been the 
result of the fact that those skilled in the art were misled 
by some of the presumptions and assumptions with respect to 
the type of systems which could be considered. In this 

35 regard, it had been assumed that direct monitoring through the 
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use of some illumination source or some optical source was not 
practical because of an inevitable interference with the 
sensing system. The present invention shows that this is not 
the case and that direct monitoring can be achieved without 
the interference. Mot only in this regard but in other facets 
as well, the present invention demonstrates that although 
substantial attempts had been made by those skilled in the art 
in order to achieve a practical monitoring system, the 
direction of the present invention was not recognized. Until 
the present invention, a system which allowed direct 
monitoring of jet conditions was not practically achievable. 



III. DISCLOSURE OF THE INVENTION 

The invention discloses a direct monitoring system which 
provides a separate illumination source for the direct sensing 
of the conditions of the jet in a flow cytometer. The 
illumination source may be selected to exist at a wavelength 
(such as the infrared wavelength) which does not overlap with 
either a substance stimulation source or a substance property 
sensor. In addition, a compact charge coupled device (CCD) 
camera can be utilized in conjunction with an infrared source 
to directly monitor the conditions of the jet while 
simultaneously stimulating the substance through a laser 
source and sensing fluorescence. Although these conditions 
exist simultaneously, the present invention shows that no 
interference exists and also shows that the system can be 
designed so as to be sufficiently compact as to leave the 
entire front of the jet unobstructed. 

Accordingly, it is an object of the invention to allow 
for direct monitoring during the processing operation of flow 
cytometry. In keeping with this object, a goal is to provide 
an optical image of the actual droplet separation point and 
jet stream to allow very accurate determination of its 
location. 
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Another broadly stated object of the invention is to 
permit monitoring without impacting the quality of the 
measurements made by the flow cytometer system. This object 
has as a goal providing a monitoring system which utilizes 
5 wavelengths and bands which are substantially separate from 
the frequencies and bandwidths used for both substance 
stimulation and substance sensing. 

Yet another object of the invention is to provide for a 
design which minimizes the space requirements in the vicinity 
10 of the jet. In keeping with this object, a goal is to 

configure each of the light sources and their respective 
sensors away from the front of the flow cytometer jet. 

Yet another object is to provide for a system which is 
easily manufacturable and economically implemented. Thus, a 
15 goal is to utilize compact devices such as a CCD camera in the 
vicinity of the flow cytometer jet stream. 

Naturally, further objects of the invention are disclosed 
throughout other areas of the specification and claims. 

XV. BRIEF DESCRIPTION OF THE DRAWINGS 

20 Figure 1 is a schematic cross-sectional view of a direct 

jet monitor as applied to a droplet flow cytometer. 

Figure 2 is a schematic cross-sectional view of a direct 
jet monitor as applied to a continuous jet flow cytometer. 

Figure 3 is a top view of an embodiment of showing the 
25 configuration to avoid the front of the free fall or analysis 
area. 

V. BEST MODE FOR CARRYING OUT THE INVENTION 
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Referring to figures 1 and 2, it can be seen how the 
present invention provides a monitoring system which may be 
implemented in conjunction with either a droplet flow 
cytometer or a continuous jet flow cytometer. In either 
configuration, the flow cytometer (1) involves a nozzle system 
(42) which acts to introduce a flow of a substance within a 
sheath fluid. To accomplish this, nozzle system (42) includes 
nozzle container (2) which establishes nozzle volume (3). 
Nozzle volume (3) has sheath fluid port (4) within it so that 
a sheath fluid may be introduced to it from sheath reservoir 
(5) . In addition, a substance introduction port (9) is 
included so that a substance may be introduced from substance 
reservoir (8) within the sheath fluid. The sheath fluid, 
together with its entrained substance are then 
hydrodynamically focused so that single cells and the like may 
be emitted from nozzle exit (6) into free fall area (7) or an 
analysis below. [By the term "below" it should be understood 
that the area need only occur after nozzle exit (6) and need 
not be strictly gravitationally under nozzle exit (6) since 
channel system can be oriented horizontally.] By allowing the 
sheath fluid to exit from nozzle volume (3), jet (12) is 
created. This jet occurs within free fall area (7) or an 
analysis area where it may be analyzed or further processed. 

In a droplet flow cytometer as shown in figure 1, a 
vibration in jet (12) may be initiated by oscillator (10). 
Oscillator (10) acts to initiate variations within jet (12) so 
that its oscillations may act to form droplets (13) from the 
sheath fluid as those skilled in the art readily understand. 
Each of the droplets (13) may be differentially analyzed in an 
analysis area to assess whether they contain a particular item 
of substance such as a cell or a cell fragment. For a sorting 
application, sorting equipment (16) may be included to 
differentially charge each droplet which contains a substance 
and thus deflect them electrostatically. In the continuous 
jet flow cytometer shown in figure 2, the jet may simply be 
analyzed in an analysis area and collected in some receptacle 
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(61) . In this area the jet nay either be contained with a 
channel or it nay free fall. 

Importantly, most flow cytoneters act to sense a specific 
property of the substance being analyzed. In the type of flow 
5 cytometers involved in this invention, this can occur within 

free fall area (7) or an analysis area. As shown in figures 1 
and 2, this occurs through the use of some type of substance 
property sensor (62). Substance property sensor (62) may be 
positioned so that it senses emissions occurring from the 

10 substance within jet (12). The signals then sensed may be 

utilized by analysis equipment (15) in host of different ways 
depending upon the particular substance or application 
involved. Substance property sensor (62) may sense direct 
signals from jet (12) as shown in figure 1 or may include one 

15 or more lens (63) which may direct the light through aperture 
(64) as shown in figure 2. Additionally, it may be understood 
that the emissions from the substance may occur at one 
wavelength or frequency or may occur throughout a substance 
wavelength band. Naturally, substance property sensor (62) 

20 should be responsive to the particular emissions desired and 
thus should operate in the substance wavelength band when 
appropriate. 

In order to analyze the substance, it is frequently 
25 common to cause fluorescence of the substance and then analyze 
its emissions. This may be created naturally or by 
stimulating the substance after it exits from nozzle container 
(2) through some type of substance stimulation source (65). 
Substance stimulation source (65) should be directed towards 
30 the substance possibly at location of jet (12). As those 
skilled in the art would readily understand, substance 
stimulation source (65) may emit electromagnetic radiation and 
thus serve as an electromagnetic source such as a laser which 
causes the substance to fluoresce. This fluorescence may 
35 occur within a fluorescence emission band. 
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Since both the fluorescence emission band and the 
wavelengths at which substance stimulation source (65) 
operates in order to cause fluorescence are typically in the 
visible spectrum, those skilled in the art have been 
apparently led to the conclusion that optical monitoring was 
not practical without interference. The present invention 
shows this not to be the case. Specifically, it can be seen 
in both figures 1 and 2 that the design includes direct jet 
monitor (66) positioned adjacent to substance property sensor 
(62) . As shown in both figures, direct jet monitor (66) may 
include jet illumination source (67) which may direct 
electromagnetic emissions within a monitor wavelength band 
towards an analysis area (such as free fall area (7)) and jet 
(12). As shown in figure 1, it can be seen that the 
electromagnetic emissions of jet illumination source (67) may 
to some extent illuminate substance property sensor (62). 
While those skilled in the art had previously considered that 
such illumination would cause undesirable interference, the 
present invention shows how this may be avoided entirely. 
Instead of avoiding an optical image, direct jet monitor (66) 
acts to optically sense and monitor conditions within jet 
(12). These conditions may include the jet's location or its 
drop separation point (69) among other perimeters. This 
monitoring can occur simultaneously with the sensing of a 
substance property as the substance passes through jet (12). 
The technique of directly monitoring these conditions without 
interfering with the substance sensing affords greater 
precision in ascertaining the actual conditions of jet (12). 
Unlike the approaches previously taken, direct jet monitor 
(66) does not sense only an indirect indication such as the 
light scattered. Instead direct jet monitor (66) is capable 
of directly imaging the shape and condition of jet (12). 
Rather than merely providing an indirect indication which 
suggests that a condition within jet (12) has changed, direct 
jet monitor (66) is configured so as to provide an affirmative 
image of jet (12) . This image may be processed or displayed 
depending upon the application. Through the use of jet 
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illumination source (67) , jet (12) is thus illuminated in 
order to permit a direct conclusion with respect to at least 
one condition within jet (12) . 

In order to permit optical sensing of jet (12), ambient 
light might be able to be used for some applications, however, 
it is replaced by a separate source in the preferred 
embodiment. Thus, illumination of jet (12) is accomplished 
while simultaneously allowing data measuring to occur. To 
avoid interference, jet illumination source (67) may be 
configured as an infrared source. This infrared source may 
act to subject the jet to infrared radiation which exists 
within a monitor wavelength band which is substantially 
separate from the wavelength bands and frequencies utilized by 
substance property sensor (62) or substance stimulation source 

(65) . Since many substances fluoresce in the 400 nm to 800 nm 
range, and since many lasers or other sources stimulate such 
fluorescence by emitting in the 200 nm to 800 nm range, making 
the monitor wavelength band exist in the infrared range (800 
nm to 3000 nm) avoids any overlap with these bands. By 
keeping the monitor wavelength band and the fluorescence 
emission band substantially separate — that is, having little 
or no overlap and thus little or no interference — both direct 
jet monitor (66) and substance property sensor (62) may 
simultaneously operate and yet be independent of each other. 

As mentioned, jet illumination source (67) may actually 
be an infrared source. Correspondingly, direct jet monitor 

(66) may include some type of jet condition sensor (68) which 
responds to the particular frequency emitted by jet 
illumination source (67) . In order to save space and enhance 
the manufacturing economies, jet condition sensor (68) may 
actually be some type of charge coupled device such as a CCD 
camera. Thus, the CCD camera is activated by the infrared 
source and is responsive to it. It receives emissions in and 
is responsive to the monitor wavelength band. Since the 
monitor wavelength band is substantially separate from the 
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fluorescence emission band or the substance wavelength band 
and is separate from the substance stimulation band (the 
wavelength or band at which the substance may be stimulated to 
fluoresce) , both direct jet monitor (66) and substance 
property sensor (62) may be simultaneously operated. 

The operation of direct jet monitor (66) simultaneously 
with substance property sensor (62) affords the opportunity to 
feedback to the system the conditions and to make corrections 
in the system. This may be accomplished in the design shown 
in figures 1 and 2 through the use of some controller (34). 
As shown, it can be seen that controller (34) is responsive to 
direct jet monitor (66) . This may be through attachment or 
electrical connection to jet condition sensor (68) . When jet 
condition sensor (68) makes some type of determination with 
respect to the condition within jet (12) # its output may be 
used to adjust at least one condition within the jet as those 
skilled in the art could readily implement. This adjustment 
may actually be an adjustment of some parameter giving rise to 
the jet such as the location of nozzle container (2) as shown 
in figure 2 or the control of oscillator (10) (such as a 
piezoelectric crystal) as shown in figure 1. In each 
situation, controller (34) may respond to suboptimum 
conditions and act to correct them. 

As shown in figure 1, controller (34) is connected to 
oscillator (10) and in this fashion can control the location 
at which the droplet separation point (69) occurs. As those 
skilled in the art well know, this is because oscillator (10) 
acts to cause droplets (13). The oscillator (10) shown is 
controlled by alternating voltage source (22) which acts as an 
oscillator drive. When this oscillator drive applies an 
alternating voltage to oscillator (10), oscillations occur 
within the sheath fluid in a manner which causes droplet (13). 
By making oscillator (10) responsive to jet condition sensor 
(68), controller (34) may act to vary the amplitude supplied 
from alternating voltage source (22) to oscillator (10). 
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Again, the circuiting to implement this could be easily 
designed. In this fashion, the amplitude of the pressure wave 
within the sheath fluid may be varied in a manner which 
adjusts the location at which the droplet separation point 
(69) occurs • Since the sheath fluid is responsive to 
oscillator (10), controller (34) acts to adjust the location 
at which droplet separation point (69) occurs and thus can 
automatically achieve adjustment in a feedback arrangement. 

As also shown in figure 1, it should be understood that 
alternating voltage source (22) may have a characteristic 
frequency which is unvaried. This frequency may be determined 
by the arrangement of the nozzle system. Since it may be 
desirable to strobe jet illumination source (67), it can be 
seen that jet illumination source (67) is connected directly 
to alternating voltage source (22). Thus, the frequency at 
which oscillator (10) operates and the frequency at which jet 
illumination source (67) operate are identical. Since 
droplets (13) are formed based upon the frequency of 
oscillator (10) , this can effect a simple stroboscopic 
arrangement whereby the conditions within jet (12) can be 
precisely monitored. 

As shown in figure 2, it can be seen how an alternative 
feedback arrangement may be configured for a continuous jet 
flow cytometer. In that figure, jet condition sensor (68) is 
connected to controller (34). This in turn may be connected 
to one or more nozzle adjuster (70) which acts to move nozzle 
container (2) horizontally. Further, when arranged 
orthogonally and the like, this horizonal movement can be 
throughout the horizontal plane. By adjusting the location of 
nozzle volume (3), nozzle adjuster (70) can correct for the 
horizontal location of jet (12) as required. 

In order to accurately sense a change in the horizontal 
location, it may be understood how the arrangement of figure 2 
is configured. Through the use of a lens (63) arranged within 
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the light being emitted by jet illumination source (67) , a 
focal point which corresponds horizontally to that arranged 
for substance property sensor (62) may be created. This focal 
point is within jet (12). Thus, when the jet (12) becomes out 
of focus, jet monitor sensor (68) may sense this and provide a 
signal to controller (34) which may in turn cause movement of 
nozzle volume (3) through the operation of nozzle adjuster 
(70) . Since the amount of movement may be small— on the order 
of one micron or so— the conditions of jet (12) may be 
adjusted so as to optimize the analysis capabilities of flow 
cytometer (1). 

Finally, referring to figure 3, it can be understood how 
both substance property sensor (62) and its corresponding 
substance stimulation source (65) may be arranged together 
with jet illumination source (67) and its corresponding jet 
condition sensor (68) to avoid front (71) of analysis or free 
fall area (7) (the area which faces the operator) . By 
configuring these devices and utilizing small devices such as 
the CCD camera or the infrared source, this arrangement may 
afford the opportunity to observe the flows within flow 
cytometer (1) without undue obstruction. 

The foregoing discussion and the claims which follow 
describe the preferred embodiment of the invention. 
Particularly with respect to the claims it should be 
understood that changes may be made without departing from 
their essence. In this regard, it is intended that such 
changes would still fall within the scope of this patent. It 
simply is not practical to describe and claim all possible 
revisions which may be accomplished for the varying 
applications. To the extent the revisions utilize the essence 
of the present invention each would naturally fall within the 
breath of protection encompassed by this patent. 
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V. PT.XTMB 

I Claim: 

1 # A flow cytometer system which monitors jet 

conditions comprising: 

a. a nozzle container establishing a nozzle volume and 
having a nozzle exit; 

b. a sheath fluid port located within said nozzle 
volume ; 

c. a substance introduction port located within said 
nozzle volume; 

d. an analysis area below said nozzle exit wherein a 
jet occurs; 

e. a substance property sensor which senses emissions 
from said analysis area over a substance wavelength 
band; 

f. a jet illumination source directed towards said 
analysis area and which emits electromagnetic 
emissions over a monitor wavelength band which is 
substantially separate from said substance 
wavelength band; and 

g. a jet condition sensor which receives emissions from 
said analysis area and which is responsive to said 
monitor wavelength band. 

2. A flow cytometer system which monitors jet 
conditions as described in claim 1 and further 
comprising a substance stimulation source directed 
towards said analysis area. 

3. a flow cytometer system which monitors jet 
conditions as described in claim 2 wherein said 
substance introduction port introduces a substance 
and wherein said substance stimulation source 
comprises an electromagnetic source which causes 
fluorescence in said substance. 
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4. A flow cytometer system which monitors jet 
conditions as described in claim 3 wherein said 
fluorescence occurs in a fluorescence emission band 
and wherein said monitor wavelength band is 

5 substantially separate from said fluorescence 

emission band. 

5. a flow cytometer system which monitors jet 
conditions as described in claim 4 wherein said jet 
illumination source comprises an infrared source. 

10 6. A flow cytometer system which monitors jet 

conditions as described in claim 5 wherein said jet 
condition sensor comprises a charge coupled device 
which is responsive to said infrared source. 

7. A flow cytometer system which monitors jet 

15 conditions as described in claim 6 wherein said 

electromagnetic source comprises a laser source. 

8. A flow cytometer system which monitors jet 
conditions as described in claim 7 wherein said 
freefall area has a front, wherein said infrared 

20 source, said charge coupled device, said substance 

property sensor, and said laser source are 
configured away from said freefall front. 

9. a flow cytometer system which monitors jet 
conditions as described in claim 1, 3, 5, or 7 and 

25 further comprising a controller which is responsive 

to said jet condition sensor and wherein said 
controller acts to adjust at least one condition 
within said jet. 

10. A flow cytometer system which monitors jet 

30 conditions as described in claim 9 and further 

comprising a nozzle adjuster connected to said 

14 
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nozzle container and connected to said controller. 

11. A flow cytometer system which monitors jet 
conditions as described in claim 1, 3, S or 7 and 
further comprising an oscillator to which said 

5 sheath fluid is responsive and which acts to cause 

droplets in said jet at a droplet separation point. 

12. A flow cytometer system which monitors jet 
conditions as described in claim 11 and further 
comprising a controller which is responsive to said 

10 jet condition sensor and wherein said controller 

acts to adjust the location at which said droplet 
separation point occurs. 

13. A flow cytometer system which monitors jet 
conditions as described in claim 12 and further 

15 comprising an oscillator drive connected to said 

oscillator and connected to said controller. 

14. A flow cytometer system which monitors jet 
conditions as described in claim 13 wherein said 
oscillator drive comprises an alternating voltage 

20 source having an amplitude and wherein said 

controller adjusts said amplitude. 

15. A flow cytometer system which monitors jet 
conditions comprising: 

a. a nozzle container establishing a nozzle volume and 
25 having a nozzle exit; 

b. a sheath fluid port located within said nozzle 
volume; 

c . a substance introduction port located within said 
nozzle volume; 

30 d. an analysis area below said nozzle exit wherein a 

jet occurs; 

e. a substance property sensor which senses emissions 
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from said analysis area over a substance wavelength 
band; and 

f . a direct jet monitor responsive to said jet and 
which operates simultaneously with said substance 
5 property sensor. 

16 . A flow cytometer system which monitors jet 
conditions as described in claim 15 wherein said 
direct jet monitor comprises an optical sensor. 

17. a flow cytometer system which monitors jet 

10 conditions as described in claim 16 wherein said 

direct jet monitor further comprises an infrared 
source. 

18. A flow cytometer system which monitors jet 
conditions as described in claim 17 wherein said 

15 optical sensor comprises a charge coupled device. 

19. a flow cytometer system which monitors jet 
conditions as described in claim 18 and further 
comprising: 

a. an oscillator to which said sheath fluid is 

20 responsive and which acts to cause droplets in said 

jet at a droplet separation point; 

b. an alternating voltage source having an amplitude; 
and 

c. a controller which adjusts said amplitude in 
25 response to said direct jet monitor. 

20. A flow cytometer system which monitors jet 
conditions as described in claim 18 and further 
comprising a nozzle adjuster connected to said 
nozzle container and responsive to said direct jet 

30 monitor. 

21. a method of droplet flow cytometry which monitors 
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the condition of the jet comprising the steps of: 

a. establishing a nozzle volume; 

b. introducing a flow of sheath fluid into said nozzle 
volume; 

5 c. introducing a flow of a substance within said sheath 

fluid in said nozzle volume; 

d. allowing said sheath fluid to exit from said nozzle 
volume into an analysis area to create a jet; 

e. sensing a property of said substance in a substance 
10 wavelength band; 

f • illuminating said jet in said analysis area in a 
monitor wavelength band which is substantially 
separate from said substance wavelength band; and 

g. monitoring at least one jet condition in said 
15 analysis area in said monitor wavelength band. 

22. A method of droplet flow cytometry which monitors 

the condition of the jet as described in claim 21 
and further comprising the step of stimulating said 
substance after it exits from said nozzle volume. 

20 23. A method of droplet flow cytometry which monitors 

the condition of the jet as described in claim 22 
wherein said step of stimulating said substance 
after it exits from said nozzle volume comprises the 
step of causing said substance to fluoresce in a 

25 fluorescence emission band and wherein said step of 

sensing a property of said substance comprises the 
step of sensing emissions in said fluorescence 
emission band. 

24. A method of droplet flow cytometry which monitors 

30 the condition of the jet as described in claim 23 

wherein said monitor wavelength band is 
substantially separate from said fluorescence 
emission band. 
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A method of droplet flow cytometry which monitors 
the condition of the jet as described in claim 24 
wherein said step of illuminating said jet in said 
analysis area comprises the step of subjecting said 
jet to infrared radiation. 

A method of droplet flow cytometry which monitors 
the condition of the jet as described in claim 25 
wherein said step of monitoring at least one jet 
condition in said analysis area comprises the step 
of activating a charge coupled device. 

A method of droplet flow cytometry which monitors 
the condition of the jet as described in claim 26 
wherein said step of stimulating said substance 
after it exits from said nozzle volume comprises the 
step of directing a laser at said substance. 

A method of droplet flow cytometry which monitors 
the condition of the jet as described in claim 21, 
23, 25, or 27 and further comprising the step of 
controlling at least one condition within said 
nozzle volume in response to said step of monitoring 
at least one jet condition in said analysis area. 

A method of droplet flow cytometry which monitors 
the condition of the jet as described in claim 28 
wherein said step of controlling at least one 
condition within said nozzle volume in response to 
said step of monitoring at least one jet condition 
in said analysis area comprises the step of 
adjusting the location of said nozzle volume. 

A method of droplet flow cytometry which monitors 
the condition of the jet as described in claim 21, 
23, 25, or 27 and further comprising the step of 
establishing an oscillation which acts to cause 
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droplets in said jet at a droplet separation point. 

31. A method of droplet flow cytometry which monitors 
the condition of the jet as described in claim 30 
and further comprising the step of controlling the 

5 location at which said droplet separation point 

occurs in response to said step of monitoring at 
least one jet condition in said analysis area. 

32. A method of droplet flow cytometry which monitors 
the condition of the jet as described in claim 31 

10 wherein said step of establishing an oscillation is 

responsive to said step of controlling the location 
at which said droplet separation point occurs. 

33. a method of droplet flow cytometry which monitors 
the condition of the jet as described in claim 32 

15 wherein said step of establishing an oscillation 

comprises the step of applying an alternating 
voltage having an amplitude to an oscillator and 
wherein said step of controlling the location at 
which said droplet separation point occurs comprises 

20 the step of varying said amplitude of said 

alternating voltage. 

34. A method of droplet flow cytometry which monitors 
the condition of the jet comprising the steps of: 

a. establishing a nozzle volume; 
25 b. introducing a flow of sheath fluid into said nozzle 

volume; 

c. introducing a flow of a substance within said sheath 
fluid in said nozzle volume; 

d. allowing said sheath fluid to exit from said nozzle 
30 volume into an analysis area to create a jet; 

e. sensing a property of said substance in a substance 
wavelength band; and 

f . directly monitoring conditions in said jet while 
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accomplishing said step of sensing a property of 
said substance in a substance wavelength band. 

35. a method of droplet flow cytometry which monitors 

the condition of the jet as described in claim 34 
5 wherein said step of directly monitoring conditions 

in said jet comprises the step of optically sensing 
said conditions from said jet without interfering 
with said step of sensing a property of said 
substance in a substance wavelength band. 

10 36. A method of droplet flow cytometry which monitors 

the condition of the jet as described in claim 35 
wherein said step of directly monitoring conditions 
in said jet comprises the steps of: 

a. illuminating said jet in said analysis area in a 
15 monitor wavelength band which is substantially 

separate from said substance wavelength band; and 

b. sensing said monitor wavelength band after it passes 
through a portion of said analysis area. 

37. a method of droplet flow cytometry which monitors 

20 the condition of the jet as described in claim 36 

wherein said step of illuminating said jet in said 
analysis area in a monitor wavelength band comprises 
the step of subjecting said jet to infrared 
radiation. 

25 38. A method of droplet flow cytometry which monitors 

the condition of the jet as described in claim 36 
wherein said step of sensing said monitor wavelength 
band after it passes through a portion of said 
analysis area comprises the step of activating a 

30 charge coupled device. 

39. a method of droplet flow cytometry which monitors 

the condition of the jet as described in claim 38 
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and further comprising the steps of: 

a. applying an alternating voltage having an amplitude 
to an oscillator; and 

b. adjusting said amplitude of said alternating voltage 
in response to said step of directly monitoring 
conditions in said jet. 

40. A method of droplet flow cytometry vhich monitors 

the condition of the jet as described in claim 38 
and further comprising the step of adjusting the 
location of said nozzle in response to said step of 
directly monitoring conditions in said jet. 
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